In this paper, multi-walled carbon nanotubes are synthesized by arcdischarge and chemical vapor decomposition methods. Multi-walled carbon nanotubes are synthesized on thin film of nickel sputtered on silicon substrate by thermal chemical vapor deposition of acetylene at a temperature of 750°C. The flow of current in arc-discharge method varies in the range 50-200 A. Further arcsynthesized carbon nanotubes are characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron microscopy (TEM), and the results are compared with nanotubes grown by chemical vapor deposition method. XRD result shows a characteristic peak (0 0 2) at 26.54° corresponding to the presence of carbon nanotubes. SEM and TEM results give morphology of as-synthesized multiwalled nanotubes. TEM results indicate synthesis of well-graphitized carbon nanotubes by arc-discharge method. Dispersion of arc-synthesized nanotubes in SDS solution under the effect of different sonication times is studied. Dispersion of nanotubes in SDS solution is analyzed using UV-vis-NIR spectroscopy and it shows an absorption peak at 260 nm. It was found that with the increase in sonication time, the absorption peak in UV-vis-NIR spectra will increase and optimum sonication Varshali Sharma is an engineering student in Manipal University, Jaipur.
PUBLIC INTEREST STATEMENT
There is currently great interest in finding alternative materials and/or ways of fabricating the various electronic devices which should consume low power and should have high efficiency. One material with great potential in these areas is carbon, in the form of carbon nanotubes. Carbon is certainly not in limited supply and this material could be made very cheap with economies of scale in production. Keeping these thoughts in mind an effort is made for the synthesis of carbon nanotubes using arc discharge method by varying arc current and voltage values. In this work no catalyst is used for the synthesis of carbon nanotubes. The synthesized nanotubes are cheap and after oxidation are ready to use in different electronic applications which definitely reduce the cost of electronic devices. The only need is to control and to optimize the synthesis parameters such as graphite purity, current, reaction environment and voltage range. Purification of synthesized carbon nanotubes is quite easy.
Introduction
Due to unique properties, carbon nanotubes attracted a lot of interest with their nanoscale cylindrical structure after being discovered by Iijima in 1991 (Iijima, 1991; Planeix et al., 1994; Saito, Fujita, Dresselhaus, & Dresselhaus, 1992) . Carbon nanotubes possess unique mechanical and electrical properties depending on the varied chiralities, which is of great importance in every field of engineering (Calvert, 1999) . Carbon nanotubes are classified as single-walled and multi-walled depending on the number of concentric cylindrical layers in nanostructure (Pan et al., 2007) . On the basis of experimental conditions, carbon nanotubes are synthesized by three methods: (a) laser-ablation method, (b) arc-discharge method, and (c) thermal chemical vapor deposition method (Rafique & Iqbal, 2011) . In laser-ablation method, a high intensity laser beam is used for the sublimation of graphite and gives high-quality and high-purity nanotubes, but the drawback is high cost of synthesis (Guo, Diener, & Chai, 1992; Scott, Arepalli, Nikolaev, & Smalley, 2001; Thess & Lee, 1996) . Classically, carbon nanotubes are synthesized by arc-discharge method, in which an arc is generated in between two graphitic rods kept at a certain distance of few mm (Bethune et al., 1993; Jahanshahi & Seresht, 2009; Journet et al., 1997; Lange et al., 2003; Xing & Jia, 2007) . This method is costefficient. Normally, carbon nanotubes are synthesized by thermal chemical vapor deposition method, in which a carbon containing gas is decomposed at high temperature in the presence of a metal catalyst (Cassell, Raymakers, Kong, & Dai, 1999; Harutyunyan, 2009; Kumar & Ando, 2010; Magrez, Seo, Smajda, Mionić, & Forró, 2010; Tian, Li, Zhao, & He, 2009 ). This method is best suited as it allows the control over experimental conditions. Mostly used methods for synthesis of carbon nanotubes require vacuum systems and sophisticated inert gas handling system, pump system, etc. which increases the cost of production. Bulk synthesis of carbon nanotubes with high purity and low cost is very demanding for their applications in various fields of science. A lot of research is still going on to develop a method for low cost synthesis of high-quality and high-purity carbon nanotubes. Arc-discharge method is the cost-efficient technique for the synthesis of carbon nanotubes and the time required for CNT synthesis is also less as compared to other methods. Ishigami, Cumings, Zettl, and Chen (2000) reported a low-cost simplified-arc method for the continuous production of multi-walled carbon nanotubes in liquid nitrogen. Liquid nitrogen provides an oxygen-free environment for the reaction. This method has advantage of not using seals, pumps, inert gas handling system or water-cooled vacuum chambers, but produced multi-walled carbon nanotubes of distorted morphology. Hsin, Hwang, Chen, and Kai (2001) produced metal-filled multi-walled carbon nanotubes in deionized water. Zhu et al. (2002) produced metal-encapsulated MWCNTs in aqueous solution of NiSO 4 , CoSO 4 , and FeSO 4 . Hosseini, Allahyari, and Besheli (2012) produced MWCNTs encapsulating metal particles along with nanofibers and nano-onions in which NaCl solution provides reaction environment, and iron and nickel are used as catalysts. Purification of encapsulated metal particles is quite a difficult process and may damage CNT sidewalls (Hou, Liu, & Cheng, 2008) . Saravanan, Babu, Sivaprasad, and Jagannatham (2010) fabricated MWCNTs in open air using metal arc welding machine. In open air, carbon vapor may oxidize to form carbon dioxide and monoxide.
Keeping these thoughts in mind an effort is made for the synthesis of nanotubes without using metal catalyst using arc method and varying current and voltage values. The growth conditions for carbon nanotubes are optimized. Multi-walled carbon nanotubes synthesized by arc-discharge method have been analyzed and compared with those synthesized by chemical vapor deposition method. During the synthesis of carbon nanotubes, no catalyst was used hence purification of grown CNT was easy. Further the characterization of as-produced carbon nanotubes has been done by X-ray diffraction (XRD), scanning electron microscopy (SEM), and transmission electron microscopy (TEM) and the results are reported in this paper. Due to strong van der-Waal forces carbon nanotubes get arranged in the form of ropes, bundles, and agglomerates, in order to disperse carbon nanotubes surfactant solutions are used. Sodium dodecyl sulfate (SDS) is used as surfactant in deionized water to disperse carbon nanotubes. In this paper, the effect of sonication time on the dispersion is also studied using UV-vis spectrometry. Oxidation of as-synthesized multi-walled carbon nanotubes and analysis of functional groups attached to the sidewalls of CNT are done using FT-IR spectrometry. FT-IR shows attachment of groups that may tune the properties of CNT and this is good for the variety of applications that these CNT may be applied for.
Synthesis of carbon nanotubes (experimental procedure)
In the arc-discharge set-up, two graphite rods of 7 and 20 mm in diameters are used as anode and cathode electrodes, respectively. An arc is produced in between the electrodes by a DC power supply capable to provide 100-200 A current voltage range 20-30 V. The reaction environment is provided by an open vessel containing deionized water. Deionized water has good cooling capabilities and less strongly evaporating than liquid nitrogen and it is able to insulate the reaction from the atmospheric oxygen. Arc is produced manually between electrodes for time less than 1 minute after that the two electrodes are brought to a certain distance to terminate the operation. Under the effect of arc, anode electrode sublimates and carbon deposits on the cathode electrode in the form of carbon nanotubes and other form of carbon. The carbon soot deposited over cathode is collected and observed. Graphite particles with very few thick MWCNTs having diameter around 500 nm with current and voltage values 50 A and 20 V, respectively, were observed at the start of the experiment. On varying the current and voltage values for arc production between graphite rods, we get carbon nanotubes having lesser number of layers and diameter in the range 15-150 nm.
Multi-walled carbon nanotubes are also synthesized by chemical vapor deposition method in which nickel is used as catalyst and acetylene as carbon containing gas. A layer of nickel was sputtered onto a 1 cm × 1 cm dimension glass substrate. The glass substrate was placed inside the quartz tube in a ceramic boat and the furnace was heated to 750°C under the flow of hydrogen and argon. As soon as the furnace temperature reached 750°C, acetylene is allowed to flow and the flow of argon is stopped. After 30 minutes of reaction time, acetylene flow is stopped and furnace is allowed to cool to room temperature under the flow of argon.
The samples (as-synthesized CNT using arc-discharge and CVD methods) are characterized by various analysis techniques such as Nova Nano 450 field emission scanning electron microscope (SEM) operated at 15 kV, PANalytical Xpert Pro X-ray diffractometer, Tecnai G2 20 (FEI) S-Twin transmission electron microscope (TEM) operated at 200 kV. Functionalization of carbon nanotubes synthesized by arc-discharge method by various acids was analyzed by FT-IR spectroscopy. Dispersion of as-grown multi-walled nanotubes with SDS in deionized water and effect of sonication time on dispersion are analyzed by UV-vis-NIR spectrometry in the range 200-800 nm.
results

X-ray diffraction
XRD is a common technique for the analysis of crystal structures and atomic spacing. Figure 1 shows the XRD pattern of carbon nanotubes synthesized by arc-discharge and chemical vapor deposition methods. Arc-discharge output was directly picked up on the glass substrate from the water surface and a thin film XRD is carried out without further purification. XRD pattern gives a peak (0 0 2) at 26.54° corresponding to carbon nanotubes oriented along the c-axis in accordance with previous reports available in the literature (Hosseini et (Mo, Kibria, & Nahm, 2001 ). There is no significant peak other than at 26.5° in XRD pattern for arc-synthesized nanotubes, which indicates that impurity contents are less and synthesized nanotubes are of high purity. It was observed from Figure 1(a) that XRD peak for arc-synthesized nanotubes has a broader peak around 26.5° indicating amorphous nature of carbon. Average crystallite size for CNTs fabricated by CVD method and arc method is 20.7 and 9.9 nm, respectively, which is obtained using Debye Scherer formula (Cullity & Rstock, 2001 ).
where λ is the X-ray wavelength, β is the full-width-half-maximum (FWHM) of the diffraction peak, and θ is the diffraction angle.
Scanning electron microscopy
Scanning electron microscope is a powerful tool to get high resolution three-dimensional image of the product which provides morphological and compositional information about the material under investigation. Figure 2(a and b) shows the SEM images of carbon nanotubes synthesized by arcdischarge method and chemical vapor deposition method, respectively. It can be observed from SEM image Figure 2 straight. MWCNTs synthesized by arc method produce CNT with diameter ranging from 15 to 115 nm and very few nanotubes of diameter as low as 8 nm are also produced. CVD produced CNTs have diameter in the range 10-50 nm. Mostly MWCNTs of varying diameter are found in arc output, indicating good yield.
Transmission electron microscopy (TEM)
In order to identify the degree of crystallinity of as-produced carbon nanotubes and the presence of amorphous carbon, TEM analysis is done. As-synthesized multi-walled carbon nanotubes are dispersed in isopropanol using ultrasonication for five minutes. The isopropanol is used because it (a) is chemically inert, (b) should not result in agglomeration of the carbon nanotubes, and (c) should evaporate in a short time frame. A few drops of solution are dropped on 2-mm diameter copper grid. The grid is dried on a filter paper under an infrared lamp. TEM images reveal that CVD-synthesized nanotubes (Figure 3(b) ) have less number of layers as compared to arc-synthesized nanotubes (Figure 1(a) ). By viewing TEM image of Figure 3(a) , it was observed that arc-synthesized MWCNTs have high crystalline outer sidewalls with nearly no sign of presence of amorphous carbon. As arc-synthesized MWCNTs have good crystallinity, the method can be used for mass production of highly crystalline carbon nanotubes by further optimization of current and voltage values.
Dispersion of MWCNTs in SDS solution
Due to strong van der Waals force between individual CNTs, carbon nanotubes arranged themselves in bundles. These bundle formations make nanotubes insoluble in common organic solvents, which limit the applications of carbon nanotubes. Since past decades, significant work has been done to improve the dispersion of CNTs. The best possible way to disperse nanotubes in a solution is either to add surfactants such as sodium dodecyl sulfate (Nair, Kim, Braatz, & Strano, 2008) , sodium dodecyl benzene sulfate (Tan, Fang, Chen, Yu, & Wang, 2008) , sodium deoxycholate (Liu, Feng, Tanaka, Urabe, & Kataura, 2010) , etc. or to functionalize carbon nanotubes by various hydroxyl groups. UV-vis-NIR spectrometry is an effective method for analyzing the dispersion of individual nanotubes in a solution. UV-vis-NIR spectrometry was recorded with LAMBDA 750 (Perkin Elmer) spectrometer operating in range 200-800 nm. Figure 4 shows the UV-vis-NIR spectra for as-synthesized arc MWCNTs-SDS solution for different sonication periods. observed that the peak in the absorbance spectra increases at the beginning of sonication process. It is due to the fact that, increasing sonication time weakens the interaction force between individual nanotubes and results in more dispersion of nanotubes (Shi, Ren, Li, Gao, & Yang, 2013) . The SDS molecules adsorbed on the outer layer of MWCNTs prevent re-aggregation. At higher sonication time, the absorbance peak decreases. But sonication for a longer time will damage the carbon nanotubes, which results in lower absorbance values as shown in Figure 4 , for higher sonication time. Optimum time is 2 h in this experimental work. It is observed that absorbance peak will increase on increasing sonication time up to 2 h.
Functionalization of CNTs by acid treatment
Use of CNTs effectively in various applications requires the improvement in dispersion of nanotubes. Wet acid oxidation is an efficient method to improve the dispersion of CNTs due to the attachment of functional groups (Martínez et al., 2003; Van Thu Le, Le, Ngo, Nguyen, & Vu, 2013; Zhang et al., 2003; Ziegler et al., 2005) . These functional groups promote many electrical and chemical properties of carbon nanotubes such as reactivity, resistance, and conductivity (Balasubramanian & Burghard, 2005; Mohammed, Li, Cui, & Chen, 2014; Yang, Wang, Zhou, & Xie, 2012) . Cui et al. reported that nitric and sulfuric acidtreated multi-walled carbon nanotubes show a downshift in Fermi level and significant reduction in MWNT film internal resistance (Mohammed et al., 2014) . In addition, these functionalities may render dispersion of carbon nanotubes in aqueous solution and organic solvents, a highly desired property for fabrication of thin conducting films of carbon nanotubes (Peng-C, Siddiqui, Gad, & Kim, 2010) . Arcsynthesized MWCTs were treated with 8 M nitric acid and 8 M sulfuric acid solution. For the acid-oxidative treatment, 0.1 g of the MWCNTs synthesized by arc method was mixed with 50 ml of one of the acid solution and heated for 3 h on a hot plate at 50°C. After heating, the solution is diluted by 10 times. In the next step, the slurry is filtered out and washed 8-9 times with distilled water to remove trace amounts of acid. Functional groups attached to carbon nanotubes are analyzed using FT-IR spectroscopy on KBr discs containing a very small amount of acid-treated nanotubes. The FT-IR spectrum was conducted on as-functionalized MWCNTs with Perkin Elmer FT-IR in a spectral range 4,000-6,000 cm stretching), and 1,096 cm −1 (corresponding to C-O stretching). These common functional groups were introduced during growth and/or during purification process. As a result of acid treatment new peaks arose at 1,721-1,745 cm −1 corresponding to the presence of carboxylic group in accordance with previous reports available in the literature (Avilés, Cauich-Rodríguez, Moo-Tah, May-Pat, & Vargas-Coronado, 2009; Peng-C et al., 2010) . These functional groups attached to nanotubes surface may tune the electrical and chemical property of carbon nanotubes and these functionalized nanotubes can be used for many applications.
Conclusion
Synthesis of MWCNTs using simplified arc-discharge method and chemical vapor deposition method is done and compared in this paper. As-synthesized MWCNTs are analyzed using SEM, TEM, and XRD analysis. SEM and TEM results revealed that carbon nanotubes synthesized by arc-discharge method at current and voltage values 200 A and 30 V, respectively, have good crystallinity with less impurity contents. It was observed during synthesis of carbon nanotubes that growth rate will increase at higher values of voltage and current. The synthesized nanotubes are cheap and after oxidation are ready to use in different electronic applications which definitely reduce the cost of electronic devices and can be further optimized for industrial production which has been reported in this paper. Produced crystalline MWNTs are expected to be used as field emitters. Owing to the metallic nature of MWCTs, the nanotubes produced may be used in solar cells as conductive electrodes which reduce cost of solar cells. It is observed from UV-vis spectrometry that there is a strong dependence of nanotube dispersion on sonication time. The sonication-based dispersion study can be used to prepare homogeneous MWCNTs' dispersion for various applications. FT-IR spectra verify the presence of carboxylic group attached to nanotubes. The successful attachments of these functional groups onto the surface of MWCNTs may tune properties of nanotubes and open diversified application of CNTs in biology, nanocomposite, solar cell, etc.
